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Stripes and spots: Towards an integrative model for studying the
evolution of form
David M. Parichy
Department of Biology, University of Washington, Seattle, WA, USA
The zebraﬁsh has become a premier model organism for develop-
mental biology. This ﬁsh also offers an outstanding opportunity to
elucidate genetic and cellular mechanisms underlying the evolution of
form, and how these changes have been shaped by ecology and
behavior. One trait especially amenable to such analysis is the adult
pigment pattern. Here, I present recent studies of zebraﬁsh natural
history, behavioral consequences of adult pigment pattern variation,
and mechanisms underlying pattern development and diversiﬁcation.
These studies are a ﬁrst step towards a deeper understanding of the
development and evolution of adult form in zebraﬁsh and closely
related species.
doi:10.1016/j.ydbio.2008.05.472
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Dmbx1 genes are involved in growth and differentiation in
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The diencephalon/mesencephalon homeobox 1a (dmbx1a) gene
and its paralog, dmbx1b, are paired-type homeodomain-containing
transcription factors that are expressed in the retina, midbrain, and
hindbrain during embryonic development. Expression patterns of
the two genes overlap spatiotemporally to some extent, but the
function of dmbx1a and dmbx1b is currently unclear. We employed
an antisense morpholino (MO) knockdown approach to investigate
the function of these genes. Double knocked down embryos had a
severe morphological defect in the optic tectum when compared to
the controls. In addition, we observed increased cell death but the
same level of cell proliferation in embryos knocked down with both
dmbx1 paralogs. This suggested that dmbx1a and 1b have a
functional role in midbrain development to regulate tissue growth.
Further analysis on the double knocked down embryos revealed
retinal, tectal and hindbrain patterning defects. In the retina,
lamination was distorted in double knockdown larvae and hardly
any differentiated retinal genes were detected. However, early retinal
progenitor and optic stalk markers were misexpressed. Genes
normally expressed in the midbrain were down-regulated and
neuronal markers in the hindbrain were disorganized in the double
knockdown animals. BrdU labelling for 72hpf double morphant
larvae showed that more progenitor cells in the retinal and tectal
regions were remained in their proliferative state. Thus, the
progenitor cells that become post-mitotic require Dmbx1 in order
to differentiate.
doi:10.1016/j.ydbio.2008.05.473
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The neural crest is a uniquely vertebrate cell type that migrates from
its origin at the embryonic neural plate border to form diverse
derivatives including peripheral ganglia, craniofacial skeleton and
melanocytes. Data from several model vertebrates suggest that a
network of interacting transcriptional regulators and downstream
effector genes confer properties like multipotency and migratory
capacity to nascent neural crest cells. First, inductive signals (e.g. Wnt,
BMP, FGF) establish the neural plate border, by up-regulating border
speciﬁer genes like Msx1/2, Pax3/7, and Zic. These in turn up-regulate
neural crest speciﬁer genes like Snail2, FoxD3 and SoxE. Finally, neural
crest speciﬁers turn on downstream targets that render the neural crest
migratory and multipotent. We are testing linkages in this gene
regulatory network in the lamprey (Petromyzon marinus), the basal-
most extant vertebrate amenable to genetic and embryological
manipulations. After identifying lamprey neural crest homologues, we
test function at each level of the network by systematically perturbing
transcription factors and examining effects on likely downstream genes
to establish interrelationships. The results reveal a striking conservation
in the neural crest gene regulatory network, with minor differences in
distal downstream speciﬁer and effector genes, expected to confer
species speciﬁc migratory and differentiation properties. The results
suggest that the neural crest gene regulatory network arose early in
vertebrate evolution and has been tightly conserved from the common
ancestor of jawless and jawed vertebrates for over 500 million years.
doi:10.1016/j.ydbio.2008.05.474
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Transcriptional regulatory sequence divergence between mouse
and bat modiﬁes forelimb length
Chris J. Cretekos a,b, Ying Wang b, Eric D. Green c, James F. Martin d,
John J. Rasweiler IV e, Richard R. Behringer b
a Department of Biological Sciences, Idaho State University, Pocatello, ID,
USA
b Department of Molecular Genetics, University of Texas M.D. Anderson
Cancer Center, Houston, TX, USA
c Genome Technology Branch and NIH Intramural Sequencing Center,
National Human Genome Research Institute, Bethesda, MD, USA
d Alkek Institute of Biosciences and Technology, Texas A&M System
Health Science Center, Houston, TX, USA
e Department of Obstetrics and Gynecology, State University of New York
Downstate Medical Center, Brooklyn, NY, USA
Natural selection acts on variation within populations, resulting in
modiﬁed organ morphology, physiology, and ultimately the formation
of new species. Although variation in orthologous proteins can
contribute to these modiﬁcations, differences in DNA sequences
regulating gene expression may be a primary source of variation. We
replaced a limb-speciﬁc transcriptional enhancer of the mouse Prx1
locus with the orthologous sequence from a bat. Prx1 expression
directed by the bat enhancer results in elevated transcript levels in
developing forelimb bones and forelimbs that are signiﬁcantly longer
than controls because of endochondral bone formation alterations.
Surprisingly, deletion of the mouse Prx1 limb enhancer results in
normal forelimb length and Prx1 expression, revealing regulatory
redundancy. These ﬁndings suggest that mutations accumulating in
pre-existing noncoding regulatory sequences within a population are
a source of variation for the evolution of morphological differences
between species and that cis-regulatory redundancy may facilitate
accumulation of such mutations.
doi:10.1016/j.ydbio.2008.05.531
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